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Introduction 

The purpose of t h i s  study is t o  find b e t t e r  wzys of evaluation 

of xesther satellite data as well  as to prc;pose new satel l i te  instru- 

nentations . 
Tke use of t h e  18 Gc/s t h e m a l  emission fo r  t he  dlscriminaticn 

b,." - - LL.,.&cn r-ain clouds and ocean was first discussed in :  

Komcid J. K. Buettner, Fatmiss, 50:591, 1963 and, 

i(onr3.d J. K. Buettner in: GI. I?. Kellogg, K. 3. K. Buettner, and 

E. C. Way, RANI) Memorandum RM 4392-KASA, December 1964. 

William Kreiss describes t he  construction of the instrument nezded 

fox- t h i s  task. 

The kpor tance  of infrared emissivity for s a t e l i i t e  data evaP.iz?sioa 

is Ciscussed in:  

:Conrad J. K. Buettner and Clifford D. Kern, Science, 142:671, 1363 

Konrsd J. K. Buettner and Clifford D. Kern, Journal of Geophysical 

Research, 70:1329, 1965 and above mentioned Rand repopts. 

Swface  temperatures depend on the heat  input and on its t h e m a l  

contact coe€ficient. Studies on t h i s  coef f ic ien t  have startad i3 or&r 

to describe models of swface temperatures. 

As the postscriptum indicates ,  emissivity problems e x i s t  aiso fo r  

the  9u window. 
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Micmwave SLLSady 

w. T. Kreiss 

'%e fimt phase of t h i s  study has becn devoted t a  the  design anrd 

cmsfruc t lon  of a radiometer to suppmt thooretical effmts. A t  t h i s  

cha:=az:ep?.stics o€ the radiometer 

I the fi-eqwncy of the local osci l lator which fs 18.8 gc/s with prnv5-sLcr1 
-9- fm varying this frequency - 2 g e t s ,  The intermediate frsquency (2) of 

this Padioxster is 30 mc/s with a bandwi&h of 8 mc/s. Since there is 

no ScLeetivity pmreceeding the mixer the instPment responds to signals 

withh two bands (channels) with center frecpncies spaced 30 mc/s on 
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-\ c tu c=/s k n d  centered at 18.8 gels. 

~otal power refers to the fact that the radiometer is not swi*xhed 

alt@rr?atcly between t h e  signal and a referaxe sowce, but that -2: 

signal is present at all times. 

is also connected a t  a l l  times, howaver, the calaration signal 5s 

As t he  diagram icdicates the calibratop 

d 

st?itc"ired o f f  except for periodic calibrations4 

the calibration cipcuitry contribites about 90% to tF.5 system noise 

With th i s  amangenent 

-cern-,eratu%?. The range of calibratfon 

3C-1.1300::. 

30 aatemee are provided for use 

hrrrn antenna t o  be used POP er;lissi@ity 

with th is  radiometer. A 2 0 2  

r2easrtrenents of v&ious s~uPf2ces 

and a 42 h c h  parabolic reflector fed with a f O d b  pick-up hora (corbined 

gain of 50&) f o r  rain field and atmosphej5c radiation studies. 

The receiver provides additional gsin at the IF frequecsy tzd 

izxs22omtes the detector circuit. In the output of the detector circuit 

pmvision is made for changing the time constant of the radiometep which 

i n i tka l ly  w i l l  be of the order of one second. The output of the detec.Jr 

will be cadtored with an oscilloscope and recorded on strip chm?* 

C&cuPations of the performance indicate that the radiometer should 

hcve an overall noise temperstwe of about 3500°K, OE;: -it fluctuations 

of &out $OK and, with the pmabolicantenna, a sens i t iv i ty  of the orden? of 
io'lo -2 wacts m Determinatbns of the exact firrms r d : i  be made dcring 

the bcnch eesting phase. 

Amng the uses for wkfch t h i s  mdfometep fs being built are the 
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abscrvatTon of rain fields and deteminat ion of t h e  ea iss iv i2 ies  oC soi'i', 

vege'ation, and water. 

w e  sche2uled which are intended to establish the operatima1 charac-zw- 

LstFcs of t h e  radiometer. 

Pr ior  t o  general f i e l d  use a amber of eqx=hc.-.Ps 

These tests include observing the  sun, which LL' 

19.3 g d s  should appear close to  60000K, the SQ radiat ion from the 

zenl-th t o  the horizon, and a number of materials under cont2ollcd ~oi;d:~.~icas.  

An i n t e re s t ing  poss ib i l i t y  for simulating a r a i n  f i e l d  is presmted 

by t h e  Dxmheller fountain on our campus. 

c:;rx-:zilc*cion a very dense f i e l d  of d~oplets witn a wide drop s i z s  s~ectrrt-n 

is pmdcLb&. 

Due to  its multi-nozzle 

It appeaps to be possible to observe 30-5 the thermtl 

r e2 ia t ioa  emitted by the  droplets ahd the  at tentuat ion of signals tzans- 

s:':':i-c~I t::?ough the fountain. Determination of the droplet  s i z e  spectrurn 

t i i i l  Le obzained by direct means with the aid of personnel in our cloud 

physics g20q. 

GpGz cozpletion and evaluation of these tests an eF€ort t o  observe 

-Lier.ml exission from natural  rain f i e lds  w i Z I  be made. 
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infrared StuGies 

Kristina Katsaros 

I 

Dc2ing the sunmer months of 1964 t h e  cew model a€ t h e  "emissivity 

box" :-2s completed (see Buetlxer and Kern, 1965). 

ccllly heated aluminum lid with V-shaped gr@ves,and is spray-painted 

with ?'arson's black. 

O.S°C. 

plated brass cylinder,  and the two sl iding mirrors are likewise of gd3- 

plated 3rzss. 

--- Ezstca Vashington Emissivity Studies 

It now has an e i e c t r i -  

A thermostat control keeps the  temperature w i t k f i  

Tkc: r e f l ec t ing  side mirrors are replaced by an e l ec t r i ca l ly  goid- 

bl2er the new apparatus was assembled and tested, it was taken on 

fleld Trips t o  Ginko National Nonumznt near Vantage on the Columbia Rivw 

ir: Zzs-Zax IA?zshington and t o  the  Hanford area, f a r the r  down t h e  Colcz.bia 

ii. Z:c;cri? ihshington, where emissivit ies 5or the 8-12 micron window uere 

neasuycd f o r  various na tura l  sw€ace materials. 

Eheraf ident i f ica t ion  for the materials sfudied a t  Hanford w a s  

sq2 l i ed  by R. E. Brown, Senior Geologist, Geochemical and Geophyskili 

Ressxch Chemical Effluents Technology, Chemical Laboratory, Hanforcl. 

The Hanford materials were in brief described t h e  following way. 

Sand &mes South Hanford: 

15% cllaopyroxenes and hornblende. 

well sorted 0.2-0.5 mm grains;  80% qutlrtz, 

Baason's Ranch Sediments, contzin 87.2% Sand (greater than 61. I,, 10% 

silt (62-2~), 2.8% clay (less than 2 ~ ) .  

758 qcL-tz, 10% feldspar; silt fractions:  

Wineral analysis  gave sand f r a c t h ,  . 

50% quarts, 30% feldspar;  



clay E x c t i o n s :  10% qua*z, 20% mica, 20% kaol ini te .  

Gable Xountain silt: s i m i l a r  to Benson's Ranch silt but coarser, 

0.05-1 urn grains ; 50% quartz, 30% clkopyromnes . 
Gable 3lountain basa l t  rock : Plagioclzse feldspar 35%, augi te  30% , 

basalt glass 30%. The r e s u l t s  obtained are given i n  Tabel I. 

TABLE: I 

8-12 zicron emissivi t ies  from Eastern Washington f i e l d  trips August- 

Se+rr,>,sr 1959. 

r n i x c :  arJissivity of 2% were used. 

n u ~ L w  of readings taken are given. 

emissivrtty box i n  the same spot; thus variations &ween readings represent 

hunar, 2nd instrumahtal uncertainties rather than sample variations.  

1;: t h e  calculations black lid emissivity'of 98.5% a22 gold 

Emissivity and standard devkt ior t  of tklz 

The readihgs w e r e  a l l  taken wLth the 

Number of 
Em. St. Dev. ReaZings - Gi;:ko t'xa, k u g ~ s t  26, 27 1964 - 

GE,.!to I..cticx9. Monument, dry grass and 99 .l 0.65 8 

S a m  8s  abcve with vegetation scraped off 99.5 0.39 -.- 
A rsCi lava rock with leichen growing on it 99.2 0.63 Q 
Sand d u e  near Wanapurn Dam 97.4 0.73 10 

E..cvea natural  surface 

Henfor<, Septmber 3,  4 1964 

Sac2 6uxes south of Hanford 
Sarid &xes south of Handord, d i f f e ren t  site 
Benson's Ranch sediments, undisturbed 
Benson's Rzach sediments, top s o i l  

Gable l4ountah silt,  top soil scraped off 
Gale Mountain basa l t  rock 
Kcighboring broken up basalt rock, lsrge 

Kcme a d  Kettle, g lac i a l  deposits near 
Columbia River, some veSc;z-:lon 

scraped off 

---.:A: LA.&.---- &L-- 
L C I V I  L A W  YI: L W G G L b  LL113111 

97.4 0.97 10 
94.6 1.4 9 
98.4 0.67 10 
98.5 0.63 7 

96.7 0.80 4 
96.1 0.50 5 
Very close to 100% estimzted 

,998 estimated fron recozd. 
.e--- .---..-a 
A LWIU A ' G b U s U  
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-.- ;smn&;ancy of Gdian t  Power on viewing angle 

As a parenthesis I would like t o  mention an in te res t ing  observatfon 

C2orn t h e  v i s i t  to  Hanford. The 8-12 micron Barnes radiometer was taken 

to t he  top of a 400' tower and p o h t c d  t o  c i r cu la r  arcs marked on the  

ground 100 m apart  t o  the  North of the  tower. The t e r r a i n  is very tinifom, 

levei ground covered with shor t  grass, which was dry i n  September, and 

sxail sage brush. As the radiometer viewing point advznced outvards f?om 

the Lower the equivalent black 3a r temperature decreased markedly. 

was rc?Z&cd several times with same r e su l t  (see fig. I). 

?'inis 

CalculatiGns 

S ~ O W  tzie atnospheric effect due to  increased path length t o  be neg l ig3 le .  

(Al-r tmpcmture  averaged 85OF, dewpoint temperature averaged 43OF d-uing 

t h e  of measureicent, 1500 P.S.T.) The observed temperature decrease coul2 

0 %  632 to the radiometer viewing d i f fe ren t  parts of the  bushes and gr~sses  

i;s the  ang -e tower m a r e  rocks and gravel are 

being vlewsd than further out ,  and a t  t h i s  time they are undoubtedly 
. .  . name;- "cza the  vegetation; but the  temperature var ia t ion  is 8 O C ,  wLcn 1s 

Zmge if  we compare it with temperature gradients of 2 O C  found by Mmlatt 

(21 on a clump of grass a t  Pawnee Grassland i n  January 1965. 

ficance of t h e  influence of the  viewing angle fop satellite aetermi:iations 

The sSsR- 
/ 

cf comparable surface teinperatures may need fu r the r  consideration. 
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9. zLgure 1. Equivalent black body temperatupe as observed fro3 top of 
400' tower. 

5 100 200 30 0 400 50 0 600 700 80 0' maters 

1. 44.0 44.0 40.5 39.5 37.5 37 .O 36.8 36.0 

2. -- 43.8 40.5 38.5 36.5 36.0 35.5 35.0 

3. G3.5 43.0 40.5 40.8 37.5 37.0 36.5 35.5 
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CL:-? Valley - hrnargosa Emissivity Studies 

3 Jcp.lua.xy 1965 t h e  !3arzes ET-2 was recalibpated and the gold niprms 

reguilded i n  ant ic ipat ion of a f i e l d  t r i p  to Death Valley with a group 

fpom Colo?ado S ta t e  University under William Marlatt working under M S A  

contrzct . 
The r e f l ec t iv i ty  of t h e  gold mirrors was determined with the Bmnes 

usirg a black body cavity of melting ice and "looking" with the AJEiPllC3 I' 

ct :i;-,c czvi ty  d i r ec t  and via  t h e  gold mirror, which was heated t o  vG:ious 

4- bk...,x-.atcxes. ST..- The goldblate emissivity was found to  be i . 7 % .  (Spcctro- 

i2s-<cr meascrements w i l l  not be accurate since t h e  bmss mirrors GX 

zot q t i c a l l y  f lat . ) 
The sarticipation i n  t h e  Death Valley-Pmargosa Desert stuay g z v ~  

*chc 'zesu1;s given i n  Table II. 

c geologlat at t h i s  depaztment, K. Bennington. 

w z x  Liven after only a supe r f i c i a l  look at each sarnple. 

fiavi-;..: t h  samples analyzed spectrographically, so t h e  names are given 

Tile geologic names have been supplied by 

The character izs t ions 

Plwlatt is 

cnly for purpose of recognition. 

Ye had intended t o  obtain emissivi t ies  for lO-lln,lcron as we3'- as 

8-12 micron areas, using a C.S.U. Barxs with 10-11 filter. 

tion on C.S.U. recorder was not sa t i s fac tory  for emissivity detemninctions, 

but i n  th ree  cases the  data seened f a i r l y  good, so they were included. 

The redolu- 

TABLE If 

Zkissivities obtained at f i e l d  study under W i l l i a m  f4arla-L: of Colorado 

5-i;tz"ce Univwsity i n  Death Valley, California and neighboring Amargosa 

Gc, z ~ t ,  Arevzda, February 12-19, 1965. Laboratory emissivity re su i t s  on 

sa~ples C ~ a m  the sane meas (April 1, 15, 1965). 

blzc!< Bib enissivity of 99% and gold mirror emissZvPcy L 2.7% wepe used. 

FOP these calculations 
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Discussion or' IR Emissivity Results 

Thwe zre qu i t e  large deviations in  a few cases between laboratory 

2-d fie12 work. 

Been shipped and placed i n  the smple pan it may not r e a l l y  represent 

One has t o  consider t h a t  by $he t i m e  t h e  sample has 

. %  

-cr~i: xtwal  sur2ace anymore. The rocks on the desert develop a srJecJal 

top stlrface through weathering called ''desert varnish" ~j;ilch ;:q have a 

d f f 5 e ~ e n t  en iss iv i ty  than the botton surface. For the Amargdsa matvia l .  

.- - ,. silt :.ad spread ober the  rocks ir, t r a s p o 2 t a t i o n  and brushing ar,d 

washing tke top rocks gczve the foUcxing change i n  emissivity. 

Number 05 - Em. St. 1)s. Readings 
Anzrgosa materials 97.9 0.20 10 

Aznargosa material, 97.3 0.57 14 
other  sample 

kazrgosa material, 98.5 0 .52  6 
brushed of€ 

Amargosa material ,  98.6 0.41 4 
washed clean on top 

Since I used different values of the emissivity of the black '.fd 

(E3) and the  gold mirror l i d  (EM) for the  Eastern Washington and Cc5t.h 

Valley s tudies  t h e  effect of l i d  emissivit ies on calculated surfacc! 

emissivity is given here. The apparatus was unchanged. It w a s  oiLy the 

zssued values of EB arid EM that were changed. 

(Eonterey S a d )  was run on -&e computer wi-ch a i r r e r e z t  values of EC 

and EM. 

and 3 - 3  has only a slight effect on ca lcu la6d  

One set of kata 

.. -6 

As can be seen from the folLowing data a small change in EB 

surfixe emissivity. 
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E3% ES% 

96.00 1.00 . 92.15 

96,OO 4.GO 92.03 

97.00 3.03 91.92; 

98 .OO 2.00 91.85 

99.00 1.00 91.75 

99 -0 4.00 91.63 

3;e ,r~g;e deviatiors of the "grzy rocks" emissivity obtained in 

Ge--"'" * cG;-~.. .~nc~ions .'- 

averages. 

of emissivity cannot w i t h u t  cape be used as regioiml 

For a gravel materlal it cndwbtedly is degendent on wkcther 

the rzdioxeter is viewing a cavity betweaa pebbles or a lapger flat L-ock. 

Sorce interesting results x.;=re obtaiced in the labo~atory  TI regad 

to C:ciksLviq of sodium chloride, Coarse pained salt (1-2 mrn grabs) 

sal: was hizhly ref lect ive .  This is undoubtedly a parallel to the 

pmcess of diffuse reflection of short wave rediation by snow, which is 

'Li?ar.saitting in short wavelengths as NaC1 is In the IR, 

siown in Table 1x1 together with data on gypsim and potasium c h b  idc. 

?he resQ2:s z.:% 



Emissivitias i n  t h e  8 - 12 micron window obtained in the faboPatomy 

*4pril 27, 28, 1965. Black Lid emissivity of 99% and gold mimor 

eiaissivity of 1.7% died in the calculations, 

- Em. St. Dev. Readings 
6 Sodim chloride , regulax, 72.5 0 .5  

table salt , 270-36Ou 
cubic crystals. 

57.0 1.3 SodT-3 chlopide , Baker's 
reL.geat, 100-400;1 cubic 
cq-stals . 

C O ~ F S Z  sodium chloride,  2-5 m 98.8 
crystals, m i l k y  surface. ' 

The above rinsed and dried,  97.5 
shiny crystals. 

Comse sodium chloride ground 32.1 
tc 50-1000~ grains. 

h a r s z  sodi~! chloride ground 85.0 
to 1O-WOp g-cins. 

Calchm sulphate, Baker's 98.8 
~ezgeat  powder 

Calckii sulphate wetted and 95.6 
dried i n  G V C ~ ,  yellowish 
sus?fzce. 

0.01 

0.5 

1.2 

0.7 

0.3 

0.4 

5 

2 

L, 

6 The above with the yellowish 92.9 0.4 
s u r 2 ~ e  scpaped off .  

6 ?ate: h? chloride, Baker's 50.4 1.1 

CaScim chloride , anhyd~ous , 79.4 0.9 

regent, crystal. 
- 
I 6 

4 mesh reagent. 

5 Potassium sulphate, powder 89.2 0.8 
reagent. 



In  connection with emissivity rneaswmcmts we have had to w o w  

about the effect of hea t in i  of the supface 8s it is exposed to the  

b k c k  Pfd of the eraissivity box. The redden, is referred to karslow 

z e ~ o .  %e flux of heat is supplied to  the top s;cir€ace (x = 0 )  as a 

. ~ ~ c x ~ 5 . 5 ~ 5  .T- function of time, in our case solar radiation, which is 

c3:- Ide2-d constzat. 

2mt::as X-2. 

:.?inzs sky radiation minus albedo. 

The sudace to be studied is observed w i t 3  2 

The net heat input is detemined ss total sola? radk-tiGil 

The total inconing rzdiation is 

.1-î  ,,,; * by the unshaded ?yrhelioineter, the sky radiation by blocking out 

tku sun snd the albedo by turning the  ppholiometer upside down. 

solution f o r  the temperature change at the e a t h ' s  surface is 

'<he 

2 Q F  AT = 
J7TXpc 

P 

'" 

h 

AT 2empemture change, t t i m e  increment, Q net he& input, 

X = theynal conductivity, p = density, c P = specific heat. 

With T, t and Q measured, r,  the so called *tthermal costact 

co&Picient" may be detemined. 

t=zs mitten by one of our graduate s;ii&iits, P h i l  Dtrchemin, as a term 

A computer program f m  this calculztion 



. 

- -3 - 

Thcmal Con-tsc-: Coefficient St. Dav. 

1.1 % IOW3 -2 
~EESGTI'S Ranch sil'i. 

~tm.;ptm-?ic Sciences gravel 3.1 x LO-* 0 . 5  x 10 

1.31. x 10 

-2 

Ca-::~-ing the &we with the thcrzal contact coefficient of granite 

2nd ,eisd 3s determined from values cl' A ,  3 and c 

of Physlcs and Chemistry we see that the i-esults are reasonable., 

given in the Handbook 
P 

k a n 2 e  

*:his cmposite constant can th-a be deterained with t h i s  simple 

For frrrthep investigation a mpe =liable he%zt 

l%e outgoing 13 

eyx&%eztal set-up . 
SGZ-.CC t k n  the sun in Seattle should be developed. 

ES xt teken into account in the calculation, but the restLts shov the 

r?ec.$ii?gs of ternperatwe. 

We w e  at present considering the effeces of waves and oil or: z. 

jake or ocean surface in changFrig the ecpivakent black body radiation, 

which would be observed by a satellite zbovc. The effect of the x z -  

be a ,"Pi;cSi+ fraction of sky reflection in a slznal frm a P O G ~  sea. 
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In adLition the sky IR intensi ty  is a function of zenith angle and of 

comse cloud conditions. 

according t o  G. C, Ewing (4) the requirexents on reaote sensing I 

ocean swfzce temperatures a;?e quite st r ingent .  

The effect is undoubteCly small, but 

The fnvestigation w i l l .  be done 3y computer models, end by experi- 

c:entzl determinations of reflectivity of pure and salt wate?, and of 

various o i l s  occurring on the ocean surface. 

be fcuad as Eumtions of wavelengths and Lncidenca angle on -- Axai 

13-8 S?ec-?Tograph with special L.. :zac3menta. 

The ref leqt ivi- t ies  w i ' l  

Tine railiztion teqeratwe 

of the  sky a t  

micro3 t:ir.dow 

_. . 
various zenitfi distances can be obtained for t he  8-12 

with the  Barnes IT-2. 
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Postscripturn 

Some X e d  Ideas for NIMBUS use 

Konrad J. K. Suet-fner 

J 3 e r  0. ;?einko3ei- (Am. Physik, 34:343, 1911) quartz is quite  

prmeable ?or X<4.&p with a ref lect ivLty oE 2 few p w  cent. Quartz sand 

snd quartz dust should therefore for  X 4 i . l  bshava l i k e  snow to vis ib le  

I. TacaTion. 

13 vxpctted t o  increase with the degree G? f-.zpersion 05 matter contrai?y 

-:a tk2 bc:-Lvior of 9-1Op where Reststrahler. causeWqe >i.& albedo 0921 

Its 4 p  albedo could be substaxial. The high albedo at 42 

. -. .. . p: 

E.s 10r-g as t he  p s t i t l e s  a r e  large cmpared t o  X .  Note t h a t  a t  9-10~ 

qaartz  is not; pwmeable a t  a l l .  

A sf..:llalr e f f e c t  can be anticipated f o ~  a11 f ine ly  dispersed zateri'als 

cf s:t3'icLcnt transpmency around bp, e.g. salts and snow. \&ereas the  

E-12;: c?evfz.tion stems mainly from a sha-lp But small quartz r e s t s t r a5 len  

k n d  ::sap 9.51.1, t h e  4~ deviation would m o x  OP less cover the who2.e 

windm . 
The 4u night picture  oE Vestern Europe, made by NXYBBrSS I, has been 

rechecked. Discernible aye the Ruki Valfey (1-2 grey shades) which 

fo rm a t5angle9 t he  Cologne area south or" it, the middle Rhine (so.xe- 

wha: vacertain) , t he  Belgian industry area (1 grey shade) and thb i-hrtz 

Nolrntains . 
Vith o w  presenl lack of da ta  on 4p emissivity it would be fiiTf2.e -:G 

qecula te  &out the  r o l e  of E in this case. C i t i e s  a t  Clem nights are 

2-3OC warxr than the  counZry. 

is pzobably lazger a t  the surface since city climatic s t a t ions  w i l l  raje2y 

This difference,measured a t  eye l e x 3 ,  
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x t g o i n s  radiation. Mzybe a diffsP- enjoy a p c ~ ? c c t l y  free e x p o s ~ ~ c  . 

eace 02 5 O K  can be accounted t h i s  wzy. 

Wa m y  add to this the eEfect 02 smog -.ad inversion. If the  

iiiversion layer is 10% warmer than the  ground an4 if i t s  4 ? ~  t ransmksiv i ty  

Is 503 we would gain another 5% €or the obswved satellr te tc:.perattrre. 

Cirect tes t  using PbSe -,c"sive cells, filter for 4p, 2nd the 

c.1- . LL .v i zy  r - - box e e  planned. I n  the mantime, however, data  of E can be 

cstirnr'ied E2om I4IlBUS daytine 4~ p lc tmes  . 
riq-.3 -L - 1 of "Nimbus f High Resolution Radiation Data Catalog E X  

.,- 
~ S E X  Max~al," Vol. I. s!iows Central America a t  d a y t h e  v$a the 4v filter. 

Yc. - sealevel surfaces will emit as 300°K bcdies or 0 . 2  watt m-2 'ster 

rne sun i5 fully and diffussly reflected would create &out 1.6 W n 

3 c  s m  ~f both s igna ls  is yeco66ed: Signal = EB (TBB) = (I-E)SLB. 

-1 - . 
-2 -I .-1. ster 

.'-I1 open waters except for  t5e glars ur.de.., the sun are dark, slcce 

..Lz these a g l e s  the water reflex is mimte. High clouds show a cadcrate 

syi;' e P~LILAESS -.-- caused exclusfvely by solar r e f l ex  since t k e i r  emission is 

snai lzr  than 0.0 5 . 
Exceedingly bFight 

5rom a cornbination of solar rezlex and emission. 

are sea level deserts, jungies , and low clauds , 
The areas mmtioned 

1. Jungles both sides  oE t h e  Orinoco, 50N 68OW; the &!.l;gdaleniL Valley 

a-: 7?3 ?4OW; and the upper Ar?.azon basin. 

L. 

3. 

Open lowlands such as Cuba r e f l e c t  mox ;;zan the  ocean but iess 

Guajira Eesept at 1 2 O N  72OW. 

Low clouds north of ColornSia and S.E. of hurricane Dora. 

than jungle, sand or low clouds. 



”. 
L 

a *  

&:“<a has zmived. 

:”ora daytime data of future NIMBUS flights are wanted. 

. .‘ 
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